The effect of cigarette smoking on salivary antipyrine disappearance rate, and as an index of hepatic drug metabolism, was studied in 42 healthy subjects. Antipyrine half life was significantly shorter in smokers compared with non-smokers. To determine whether this difference was due solely to tobacco consumption eight subjects were restudied two months after they stopped smoking. The mean antipyrine disappearance rate in this group increased by 23°o in contrast to that of a control group, which did not alter. Cigarette smoking contributes to the considerable variation in interindividual rates of drug metabolism.
Introduction
Antipyrine is metabolised almost completely by the liver.1 2 Since it is not appreciably bound to plasma proteins and is distributed evenly throughout the total body water, the rate of antipyrine elimination provides a suitable method of assessing the activity of hepatic microsomal drug-oxidising enzymes. The wide variation in plasma antipyrine disappearance rates in normal subjects2 3reflects the well-recognised phenomenon of large differences in rates of drug metabolism among apparently healthy individuals. While genetic factors are important in determining this variability3 4there is increasing evidence that other factors such as age, sex, drug ingestion, and exposure to environmental agents are also relevant.4-'0
One environmental factor that has received comparatively little attention as a potential stimulant of hepatic drug metabolism is cigarette smoking. For example, increased activity of aryl hydrocarbon hydroxylases has been observed in the placenta and pulmonary alveolar macrophages after smoking. 1 Although a recent study has provided more direct evidence that smoking stimulates drug metabolism by showing increased antipyrine clearance rates in smokers,6 these results varied considerably according to the age and other characteristics of the patients and could not be attributed solely to cigarette smoking. Smoking had no effect on diazepam plasma disappearance. 15 Furthermore, although plasma levels of phenacetin are considerably lower in smokers than in non-smokers after comparable oral doses, there is no change in the plasma disappearance rate, and this probably reflects factors other than enhanced hepatic drug metabolism. '6 We report here the results of a study designed to assess the effect of cigarette smoking on drug metabolism and to exclude both the influence of genetic variability and the effects of other environmental agents. This was done by studying a group of smokers before and after they had stopped smoking.
Patients and methods
The subjects studied were all healthy volunteers, some of whom were attending a hypnotherapy "stop-smoking" clinic. All gave informed consent. Subjects were excluded from the study if there was evidence of liver or renal disease or other disorders known to influence hepatic drug metabolism.'7-20 Each volunteer was carefully questioned about his consumption of tobacco, alcohol, tea, and coffee and his use of pharmaceutical agents that may influence antipyrine half life. Those taking known hepatic microsomal enzyme-inducing drugs were excluded, as were those consuming alcohol in moderate amounts ( < 50 g ethanol per day). Most smokers smoked more than 20 cigarettes per day, but all consumed at least 11 cigarettes a day or 60-85 g (2-3 oz) tobacco a week. The non-smokers had not smoked at all for the previous six weeks. The average age of the smokers was 39 years (range 16-63 years) and that of the non-smokers 35 years (range 20-63 years). The subjects in each group were comparable in sex and consumption of coffee, tea, and alcohol.
Plasma or saliva antipyrine half lives, or both, were studied in 42 subjects (17 non-smokers and 25 smokers). Several people were studied more than once to assess intraindividual variability and any difference in apparent antipyrine half life due to different routes of drug administration (oral as opposed to intravenous) or method of sampling (saliva as opposed to plasma). Repeat studies were carried out in a manner identical to the initial studies. Eight smokers were also restudied about two months after they had stopped smoking. These subjects were then asked about changes in their life style other than stopping smoking.
An aqueous solution of antipyrine in a dose of 10 mg/kg body weight was either injected intravenously over 10 minutes or taken by mouth dissolved in 100 ml of orange juice. Five or more samples of venous blood (10 ml) or fresh saliva (5 ml) were collected at intervals during the next 30 hours. The antipyrine concentration of each sample was assayed in duplicate by a gas-liquid chromatographic method based on that described by Prescott.2' A 30,, SE-30 column at 200'C was used.
After the addition of phenacetin as the internal standard antipyrine was extracted from plasma or saliva into chloroform. Gas Results Plasma and saliva antipyrine disappearance rates were measured simultaneously in 14 people (five smokers and nine non-smokers). The results from the two biological fluids were almost identical (r=0 95; P< 0001). When eight subjects were studied by both oral and intravenous drug administration the same antipyrine half life was observed (r = 0-97; P < 0-001). For these reasons we did not distinguish in the analyses between method of sampling and route of administration.
There was a large variation of antipyrine half life among the 42 healthy subjects studied, the range extending from 7-1 hours to 16 9 hours (mean 11 4 hours; see figure) . The mean antipyrine half life was lower in smokers than in non-smokers (P < 0-05; see figure). In these two groups no significant correlation could be found between age or sex and antipyrine half life.
Repeat studies in eight controls-four smokers and four nonsmokers-after an average elapsed time of three months showed negligible change, the mean antipyrine half life changing by only 0 100 (not significant, paired t test; table I).
The results of repeat studies on eight former heavy smokers after an average of two months had elapsed are shown in table II. The eighth patient was studied for a third time a month later because we suspected that she may have used sedative medication between the first and second studies. We therefore emphasised the importance of the study to her and repeated the test. Her third antipyrine half life determination was 27°0 greater than the first, although the intermediate value was 23°lower than the original one (table II) . The mean change in antipyrine half life between the first and the last study in these eight subjects was 230o (t=4-71; P < 0 005, paired t test).
Discussion
Our results indicate that cigarette smoking significantly enhances antipyrine disappearance rate. By using subjects as their own controls we excluded many interindividual variables that may affect rates of hepatic drug metabolism. Repeat control studies showed that intraindividual variability accounts for less than 10% of the initially measured antipyrine half life, and antipyrine itself did not change hepatic antipyrine metabolism. We found no change in extrapolated y intercepts of the test drug concentration in repeat studies on both controls and former smokers over two to three months, which indicates that smoking does not alter the biological distribution of antipyrine. We assumed that hypnotherapy per se had no effect on antipyrine half life, although we carried out no studies to validate this. Not all the former smokers were from the hypnotherapy clinic, however (table II) . Antipyrine plasma disappearance rate is an accepted marker for hepatic drug metabolism since both animal and human studies9 22 23 have confirmed a close correlation between plasma antipyrine half life and the rate of hepatic antipyrine metabolism. Since antipyrine is rapidly distributed throughout the body and less than 1000 is protein bound, the salivary rate of antipyrine disappearance should closely parallel that of plasma. Our study confirms reports that a very close correlation exists between saliva and plasma disappearance rates24 and between oral and intravenous administration of antipyrine. 25 By showing that these correlations were unaffected by smoking we could offer a more acceptable programme to participants in the study.
Our results provide direct evidence to confirm previous clinical and experimental data that suggested that smoking may affect rates of hepatic drug metabolism. In several of these studies, however, alternative mechanisms may have been operating. Recently it has been shown that antipyrine clearance rates are accelerated in smokers.6 In this study multiple regression analyses on a large population of patients found a positive correlation of antipyrine clearance with smoking and age. Since this study showed smoking capacity to decrease with age, however, this shortening of antipyrine half life in smokers may be partly due to age differences. Our study was designed to overcome such defects.
Compounds present in cigarette smoke include 3, 4-benzpyrene, 3-methylcholanthrene, and many related polycyclic hydrocarbons."1 In-vivo animal studies and results from rat fetal liver cell cultures26 have shown a direct inducing effect of these hydrocarbons on the hepatic microsomal enzyme oxidising systems. But in our study correlation of changes in antipyrine half life with the number and type of cigarettes smoked and their calculated nicotine and tar contents did not enable us to identify the component of cigarette smoke responsible. This was largely because nicotine levels and tar levels in cigarettes tend to parallel each other thus making it difficult to discriminate between these two components. Variability in the number of puffs per cigarette and the extent of cigarette smoke inhalation may also be important.
The mean increase of 230 of antipyrine half life on stopping smoking is greater than the 12°% estimated by Vestal from multiple regression analyses6; he also found that age contributed 30,, to interindividual variability while coffee and tea consumption contributed less than 1(10. The mean decrease of antipyrine half life was found to be 400 in insecticide workers,2 2200 in those with a heavy alcohol intake,4 51 Go after 14 days'administration of the hypnotic glutethimide,'I and 340w after 140 mg phenobarbital daily for two weeks.9 Since the 23°0 change in cigarette smoking is comparable with these other well-known inducing agents, we conclude that cigarette smoking is an important factor contributing to the large variation in rates of drug metabolism seen in man.
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SHORT REPORTS Computerised axial tomography findings in patients with migrainous headaches
The demonstration of cerebral oedema by computerised axial tomography (CAT) in patients with migraine was drawn to our attention by Drs J Ambrose and J Gawler of London. The subsequent unexpected finding of a significant degree of cerebral atrophy in a migraine sufferer further prompted our interest in the CAT changes in these patients. The findings in 46 patients with migrainous headaches were therefore reviewed.
Patients, methods, and results
Thirty women and 16 men with a history of recurrent migrainous headaches for up to 18 years were examined on the EMI scanner, usually because of a change in headache pattern.
The findings are summarised in the table. Small areas of infarction were found in six cases. In four with fixed visual field defects these were in the medial occipital cortex and were bilateral in two; in the other two small clinically unsuspected areas of infarction were found in one temporal lobe. Two patients without known intellectual dysfunction showed a significant degree of cerebral atrophy. One was a 35-year-old woman who had had classical migraine for several years, and the other was a 36-year-old woman who had had mitral stenosis and intractable migrainous headaches for 10 months. Six other patients showed appearances suggestive of very early cerebral atrophy. Twenty-one patients showed appearances compatible with mild cerebral oedema-namely, increased blackening on the Polaroid photograph and scattered matrix cells with ji values of two or more less than contiguous cells. These appearances were most common in the frontal white matter, being bilateral in 15, unilateral in four, and more extensive throughout the hemisphere on the side of the headache and contralateral to the sensory aura or signs, or both, in two (see table) . Seven of these patients were scanned during a migraine attack. Clinically unsuspected gliomas were found in two patients, one with common migraine and one with a classical visual aura. 
Discussion
While the demonstration of areas of infarction in the visual cortex in patients with fixed visual field defects was not unexpected, the finding of small clinically silent areas of infarction in the temporal lobe in two patients does suggest that focal cerebral damage due to migrainous vasospasm may occur more often than is appreciated.
